Final Summary of | CCR Source Wrk G oup Meeting
April 23-24, 1997
Stationary Conbustion Turbine Wrk G oup

Pur pose

The main objectives of the neeting were to identify the
goal s, products, and schedule for each task group; assign task
group | eaders; discuss turbine operating practices which my
result in HAP em ssions reduction; discuss and identify potenti al
unit nodification on existing turbines which may increase turbine
operating efficiency; identify questions/topics to ask turbine
experts for the turbine technol ogy workshop; and summarize the WG
pl an for the next six nonths.

1. Locati on and Date

The neeting was organi zed by Pacific Gas and El ectric (PG&E)
and was held at PG&E O fice Building in San Francisco, California,
| ocated on 77 Beale Street. The neeting took place on April 23
and 24, 1997.

[11. Attendees

Meeting attendees included representatives of the QAQPS
Em ssion Standards Division, trade associations, and state
agencies. A conplete list of attendees, with their affiliations,
is included as Attachnent 1.

V. Summary of Meeting

The neeting consisted of discussions between WG nenbers on
sel ected issues which are listed bel ow The order of the neeting
foll owed the agenda provided in Attachnent 11. A bullet point
summary of the neeting is presented in Attachnent [11.

The topics of discussion included the foll ow ng:

. | dentification of Task Group Activities

. Exanpl es of Previous MACT

. Contents of EPA Inventory Database

. HAP Em ssions from Natural Gas Conbustion

. | dentification of Turbine Qperating Practices and Efficiency
| npr ovenent

. HAP and Criteria Em ssions as a Function of Turbine Operating
Condi ti ons



. | ssues and Questions for the Turbine Experts
. Draft Work G oup Wrk Plan

| dentification of Task Group Activities

The first topic of discussion included presentati ons by each
taskgroup regarding their goals, products, and scheduling. A total
of five taskgroups were assigned, including EPA Database and
Popul ati on Enhancenent (Task G oup 1), Subcategorization (Task
G oup 2), HAP Reduction Technol ogi es, New and Existing (Task G oup
3), HAPs vs. Criteria Pollutants (Task G oup 4), and Testing and
Monitoring (Task G oup 5).

(1) EPA Dat abase and Popul ati on Enhancenent (Task G oup 1)
The taskgroup | eader of the EPA Dat abase and popul ation

enhancenment taskgroup (Task Goup 1) is G Adans. He indicated
that the goals of this taskgroup are to:

1. Cl ean up the popul ati on database (renpve non stationary
conbustion turbine records),

2. Summari ze the information in the popul ati on dat abase,
and

3. Revi ew t he gat hered HAP test reports for inclusion of

tur bi ne operating paraneters.

G Adans suggested that the popul ati on dat abase verification
process will include extracting a list of turbines which refer to
owners and/or operators who are represented in the W  The
representatives in the Wswll verify the information in the
dat abase as it applies to their facilities. They will review the
information for its verification and conpl eteness. G Adans
indicated that a |large portion of the records in the database are
unpopul ated or null. He requested that the reviewers fill these
information gaps as they see fit.

M Schorr agreed with G Adanms, but suggested that the |ist
of turbines should include manufacturers who are represented on
the Wa I n general, manufacturers of turbines are aware of the
uni que operating |levels, scheduling, and paraneters.

G Adans al so questioned the need for inclusion of all of the
referenced information fields in the popul ati on database. He
suggested that only a small portion of the information fields are
necessary for the WG purposes. He indicated that one of the
taskgroup tasks will be to sunmarize the information in the
popul ati on dat abase to include only the necessary information
fields which are simlar (with mnor nodifications) to the ones
referenced in the “facility” table of the em ssions database.
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The WG al so di scussed the HAP em ssions database. The WG
concurred that the gathered source test reports should be revi ewed
by WG nenbers for inclusion of turbine operating paraneters during
testing. Alpha-Gamma will distribute the gathered HAP source test
reports anmong WG nenbers for conpletion of this task

S. Roy requested that any changes (as part of the W5
verification process) should be conducted by a single contact or
organi zation. The W5 concurred with this issue and assi gned
Al pha-Ganmma to be responsible for any nodification to the
dat abase. S. Roy, G Adans, and B. Richani will draft a protoco
information nodification for the WG approval. Al pha-Ganma w | |
devel op final protocol for all information nodification.

The products of the database enhancenent subgroup w |
i ncl ude revi sed dat abases (popul ation and i nventory) and a set of
summary tables of the gathered information. The tentative
schedul e on conpleting these deliverables is set for July to
August, 1997.

(I'l') Subcategorization (Task G oup 2)

M Schorr is the taskgroup | eader of the Subcategorization
Task Group. He conducted a presentation explaining the reasons
for subcategorization, how a subcategory is justified, identifying
a prelimnary |list of potential subcategories, and providing an
initial ranking of the identified subcategories. He concluded
that these categories should be considered a “first cut” effort
for subcategorization and should not be considered final. He also
indicated that the WG needs to investigate these subcategories in
nore detail and should attenpt to justify these subcategories with
information fromthe popul ati on and em ssi ons dat abases.

An initial report of potential subcategories wll be
submtted by M Schorr during the upcom ng Wc May neeti ng.
Tentatively, a nmenorandum depicting the final |ist of
subcategories will be conpleted by Septenber, 1997, subsequent to
conpletion of Task G oup 1 efforts. The presentation overheads
presented by M Schorr are included in Attachnent |V.

(I'11) HAP Reduction Technol ogi es, New and Existing (Task G oup 3)

J. Klein is the Task Leader of Task G oup 3. The group has
prepared a presentation regardi ng new and exi sting HAP reduction
technol ogies. Two types of HAP reduction technol ogies were
di scussed, including HAP reduction due to good operating
practices, and HAP reduction due to the inplenentation of new and
exi sting technol ogi es. Taskgroup goals and scheduling were al so
presented. The taskgroup will docunent its findings in a witten

3



menor andum of good operating practices by the upcom ng W May
meeting. In addition, the subgroup will submt an internediate
report of new and existing HAP prevention or reduction

t echnol ogi es by Septenber, 1997. The presentati on overheads are
included in Attachnent V.



(I'V) HAPs vs. Criteria Pollutants (Task G oup 4)

C. Chang is the task | eader for the HAPs vs. Criteria
Pol l utants Task Group. He conducted a presentation in which he
provi ded a detail ed discussion of a set of questions related to
criteria pollutants, HAP pollutants, identification of the
relationship of HAP vs. criteria pollutants, identification of
turbine factors (operational and design) which directly affect HAP
em ssions, and the identification of potential surrogates for
HAPs. He presented several graphs obtained fromreciprocating
i nternal conbustion engines which reflected the relationship of
criteria (specifically CO and VOC) em ssions with respect to Air
to Fuel (A/F) ratio for natural gas-fired engines. The objectives
were to understand the em ssions formation process and identify
factors which may affect em ssions levels. He indicated that the
mai n product of the taskgroup will be docunentation for turbines
simlar to the ones avail able for reciprocating internal
conbustion engi nes. The presentation overheads presented by C.
Chang are included in Attachnent VI.

In addition to identifying the behavior of HAP and criteria
em ssions due to conbustion, the taskgroup will also investigate
options for regul atory devel opnent. These options w il include
ammoni a and PM,; em ssions fromturbines. The taskgroup wll
attenpt to submt its findings by Septenber, 1997.

(V) Testing and Mnitoring (Task G oup 5)

S. Roy is the Testing and Mnitoring Task Goup Leader. He
di scussed a prelimnary cost estimate, which was drafted for EPA
use conparing cost of FTIR test neasurenents vs. CARB test
measurenents. This prelimnary test plan included a cost estimte
for four subcategories, two types of fuels, and testing before and
after existing control device. He indicated that for FTIR the
estimated cost was at one mllion dollars which was nostly
attributed to performng precision validation for the tested
pollutants. This is based on the assunption that one type of
testing train covers all pollutants of interest. On the other
hand, testing costs using CARB Met hods was estimted at 750
t housand dollars. This corresponds to perform ng three CARB
trains covering CARB Met hods 410, 429, and 430 which should
capture all pollutants of interest. S. Roy sunmarized a tentative
testing plan for fiscal year 1997, indicating that since the
performance of catal ytic oxidizer controls have not been
docunented for HAPs, a screening study consisting of about three
tests may be needed to determ ne control device efficiency and HAP
em ssions. The results of the screening tests will be used to
hel p design the test plan for the conbustion turbine workgroup.
In addition, he indicated that the WG nenbers need to identify a
potential list of pollutants for which to test. The W5 should
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make use of the existing HAP em ssions database avail able on the
TTIN to assist in identifying the potential |ist of pollutants.

Regardi ng test nethods, S. Roy explained the interference
wi th CARB Met hod 430 for formal dehyde em ssions testing. He
i ndi cated that such an interference is only a concern on units
with high levels of NO in the exhaust stream To date, al
evidence indicates that this is not applicable to gas turbines.
The NO; emi ssion | evels detected in the turbine exhaust stream are
| ow enough that no interference is evident. He suggested that
testing formal dehyde using the FTIR nmethod nmay be an option in
lieu of using CARB Method 430. R Miller, however, indicated that
he reviewed the applicability of the FTIR Method and concl uded
that it is not an efficient nmethod and that it will take a |ong
time to validate and apply. J. Klein also indicated that the
California Air Resource Board is devel opi ng an option for CARB
Met hod 430 regardi ng fornmal dehyde em ssions testing.

The Ws identified the need for nonitoring the goals and
progress of each taskgroup. The WG assigned S. Roy and M Schorr
to be the Planning Task G oup, whose goal is to ensure and track
progress of all taskgroups activities.

Exanpl es of Previous MACT

S. Roy gave a mini-presentation on exanples of previous MACT
Devel opments. He identified the key paranmeters, such as
“achi evabl e” and “limtations”; types of MACT Fl oors i ncluding
nunmerical (em ssion |levels), technol ogy based (control equipnent),
and operating practices; and differences between new source MACT
vs. existing source MACT. S. Roy pointed out to the Ws that there
wll be a detailed session during the CC neeting in July which
w || di scuss MACT Devel opnent and provi des exanpl es of previous
MACTs. This will be perfornmed by OVB. He suggested that this
topic be deferred until the next CC neeting. The W5 concurred
with this recommendati on.

Contents of EPA Inventory Database

B. Richani nmade a presentation regarding the EPA popul ation
dat abase. H's presentation included a listing of the states which
submtted el ectroni c databases for inclusion in the EPA dat abase,
the revised database structure, identification of fields necessary
in each table for unique record identification, an estimate of the
total nunber of gas turbines captured in the database, and ot her
dat abase related itens. The presentation overheads presented by
B. Richani are included in Attachnent Vi

Subsequent to presentations regardi ng the popul ation
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dat abase, S. Roy provided the group with a brief summary regarding
avai |l abl e market research databases for popul ation information on
gas turbine. He also discussed cost estimates of acquiring such
dat abases. The consensus anong the WG was to review the EPA
popul ati on dat abase prior to purchasing avail abl e market research
dat abases.

HAP Em ssions from Natural Gas Conbusti on

S. Roy discussed a study perfornmed on process heaters firing
natural gas. The study indicated that HAP em ssions from Nat ural
Gas (NG conbustion are mninmal. This raised the issue of whether
t he standards devel opnment shoul d excl ude NG conmbustion. He also
identified another study performed on utility sources firing NG
In both studies, it was determned that all pollutants resulting
from NG conbusti on do not present a significant hazard to the
public. These were the results on inhalation screening assessnent
for HAPs emtted fromgas-fired utilities. Therefore, it should
be determ ned whether the WG shoul d make certain generalizations
regardi ng NG conbustion, and if so, what are the concerns or
conflicts which may be identified. Several concerns were
identified by the W5 i ncl udi ng:

(1) G| production nmenbers will not be satisfied with a
generalization that NG conbustion em ssion are | ower
than fuel oil conmbustion em ssions,

(2) Coal industry wll not be satisfied that switching to NG
wi |l reduce em ssions.

In conclusion, S. Roy indicated that there will be certain
i ssues and conflicts which will need to be addressed if such a
generalization regardi ng NG conbustion is to be made. He
recommended that any nenber of the WG who is aware of other study
reflecting simlar conclusions for NG conbustion should forward it
to EPA for review. This concluded the first day s neeting.

The objective outlined on the second day neeting were to
di scuss turbine operating practices, potential efficiency increase
met hods, techni ques, and discuss the issues and questions to ask
turbi ne experts in the upcom ng Turbine Technol ogy Wr kshop
schedul ed in July, 1997.

| dentification of Turbine Qperating Practices and Efficiency
| npr ovenent

J. Klein led a discussion on turbine operating practices

which may result in HAP em ssion reduction. The applicability of
such practices to standard devel opnent were al so discussed. A
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concern pointed out by the W was that it is not feasible to set
or identify certain operating practices as regul atory standards.
These practices are site and application specific; therefore, they
shoul d be identified as guidance rather than potential regulatory
standards. The WG concurred that it is very difficult to identify
typi cal operating practices as regulatory standards, specially for
gas turbines. These unit may not operate properly if the
operating practices are not followed according to manufacturer’s
recommendations. J. Klein' s discussion also included
identification of the potential nodifications which increase
operating efficiency, discussion of the feasibility of such

nodi fications on existing units, and prediction of the effect of
such nodi fications on HAP emni ssi ons.

The WG cane to consensus that it is inportant to identify and
di scuss the applicability of good operating practices and
efficiency inprovenent to regul atory devel opnent. This reflects
the W s efforts in identifying potential control techniques.

| deas and concerns were identified regarding turbine
operating practices and efficiency inprovenents. Each idea was
clearly defined with its pros, cons, and qualifications. The WG
identified a total of seven operating practices and three
efficiency inprovenent practices. These ideas are presented in
Attachment VIII1. Task Goup 3 nenbers will be summarizing al
identified ideas by May 23, 1997.

HAP and Criteria Em ssions as a Function of Turbine Operating
Condi ti ons

C. Chang di scussed how HAP and Criteria em ssions behave as a
function of turbine operating conditions. Hi s presentation
covered questions related to potential em ssions vs. Air-to-fuel
rati o, conmbustor design, steamor water injection, etc. The
gquestions presented by C. Chang are listed in Appendix I X

| ssues and Questions for the Turbine Experts

J. Klein and C. Brown | ead a discussion regarding the issues
and questions to ask the turbine experts during the upcom ng
Tur bi ne Technol ogy Workshop. Included in the discussion were the
goals, timng, format, and outcone of the workshop. The workshop
topi cs discussed are presented in Appendi x X

The WG sel ected the keeper of the technol ogy workshop
gquestions to be nenbers of Task Goup 3. All questions will be
identified and submtted to the workshop presenters by md My,
1997. The WG decided to include the following topics to the
t echnol ogy wor kshop:



(1)

(2)
(3)
(4)
(5)

Firing tenperature vs. residence tine relationship to
HAP formati on,

New generation turbines vs. old generation turbines,
Synt hesi s vs. burnout of HAPs,
Conmbust or configuration vs. potential HAPs,

Tur bi ne size vs. HAPs formati on,



(6) Turbine firing fuel vs. HAPs formation,
(7) Turbine |load vs. HAP formati on,
(8) Turbine inlet tenperature vs. HAP formation, and

(9) Duct burner vs. HAP formation.

Draft Work Group Work Pl an

In concluding the neeting B. R chani gave a quick overvi ew of
t he goal s, schedul es, and products identified for each taskgroup.
This summary was gathered fromthe presentations materi al
conducted by each taskgroup during the first day neeting. Each
taskgroup will review the summaries put together by B. R chani and
finalize themprior to the next Ws neeting. The summaries
presented are included in Attachnment Xl.

The WG neeting was adjourned around 1 pm

These m nutes represent an accurate description of matters discussed
and concl usi ons reached and include a copy of all reports received,

i ssued, or approved at the April 23, 1997 neeting of the Stationary
Conbusti on Turbi ne Wrk G oup.

Si s Roy
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Stationary Conmbustion Turbine Wrk G oup Meeting
April 23 and 24, 1997
Li st of Attendees

Si ns Roy EPA OQAQPS Em ssions Standards Division
G eg Adans Los Angel es County Sanitation District
Sam Al | en Dow Chem cal Conpany

Charl es Chang LA Dept. O Water and Power

A. J. Cherian Paci fic Gas Transm ssi on Conpany

Ted Guth Permtting Regulatory Affairs Consultant

Peter Hi Il US Naval Facilities Engineering Svc. Center
John Kl ein ARCO Al aska, Inc.

Mar vi n Schorr Power Systens Engi neering Departnent

Pet e Roberts
Gor don Brown

Jim G eer
for Jorge Torres

Li nda Coerr
Panel a Lacey
Chuck Sol t
Randy Pot eet
JimPfeiffer

Derek Furstenwerth

Virginia Gorsevsk

Adri ane Borgi as
April Gordon
Paul Chu

Sol ar Tur bi nes
Exxon Cheni ca

Nat ural Gas Pipeline of Anmerica

Coerr Environnent al

American Gas Associ ation

Catal ytica

ARCO Al aska

Anchorage Muini ci pal Light and Power
Houst on Li ghting and Power

Envi ronmental Protection Agency
Paci fic Gas Transm ssi on Conpany
Pacific Gas and El ectric Conpany

El ectric Power Research Institute



Brahi m Ri chani Al pha- Gamma Technol ogi es
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APRI L 23 and 24, 1997, Meeting in San Francisco, CA
Pacific Gas and Electric (PG&E) O fice at 77 Beale St. Rm 304, 305
APRI L 23, 1997
8:30 - 8:40 am VEL COME
8:40 - 10:00 am Task Groups Activities (goals, products, and
schedul i ng)
- Task Group 1 (EPA Dat abase and Popul ati on
Enhancenment, G eg Adans)
- Task Group 2 (List of Subcategories, Marvin
Schorr)
10: 00 - 10:15 am BREAK
10: 15 - 12:15 am Task Groups Activities (Cont.)
- Task Group 3 (HAP Reduction Technol ogi es,
New and Exi sting, John Kl ein)
- Task Goup 4 (HAPs Vs. Criteria Pollutants,
Charl es Chang)
- Task Goup 5 (Source Tests, Rainmund Miller)
12:15 - 1:30 pm LUNCH
1:30 - 2:15 pm Exanpl es of Previous MACT Devel opnents (Sins
Roy)
2:15 - 3:15 pm | nvent ory Dat abases
- Contents of EPA Database (Brahi m R chani)
- Avail abl e Commerci al Dat abases (Sins Roy)
3:15 - 3:30 pm BREAK
3:30 - 4:15 pm Testi ng Needs
- DQO process for FTIR and use of CARB Met hod
430 (Si s Roy)
- Estimated testing needs (cost) for FY 97
(Si ms Roy)
4:15 - 4:45 pm HAP Em ssions from Gas-Fired Conbustion |ssue
(Si ms Roy)
4:45 - 5:15 pm Conpose the Meeting Flash M nutes
5:15 pm ADJOURN

AGENDA

STATI ONARY COVBUSTI ON TURBI NE WORK GROUP



APRI L 24, 1997

8:30 - 9:30 am Tur bi ne QOperating Practices
- ldentify operating practices which may
result in HAP em ssions reduction
- Discuss the applicability of such practices
to existing units

9:30 - 10:15 am Tur bi ne Efficiency |Increase
- ldentify the potential nodifications which
i ncrease turbine operating efficiency
- Discuss the feasibility of these
nodi fications on existing units
- How does this affect HAP em ssions?

10: 15 - 10: 30 am BREAK

10:30 - 11:15 am HAP Control and Prevention Techni ques (John
Kl ei n)

11:15 - 12:00 noon Issues and Questions to Ask Turbine Experts
(John Kl ei n)

12: 00 - 1:15 pm LUNCH

1:15 - 3:00 pm Detail ed Discussion of Specific Task G oup
Topi cs

3:00 - 3:15 pm BREAK

3:15 - 3:30 pm Summarize Work Group Work Plan for the next
si x nont hs

3:30 - 3:45pm Conpose the Meeting Flash M nutes

3:45 pm ADJ OURN
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Sunmary of | CCR Source Workgroup Meeting, April 23-24, 1997.
Stationary Combusti on Turbi ne Workgroup
P&E, San Francisco, CA

Deci si ons

. S. Roy and M Schorr are part of the planning task group whose goal is to
ensure and track progress of all task groups’ activities.

. WG nenbers should review the HAP em ssion source test reports for
i ncl usi on of operating paraneters..

. The W will attenpt to conplete its review of the databases (popul ation
and HAP em ssion tests) within 3-4 nonths.

. S. Roy and B. Richani will devel op a protocol of how to update and nodify
the information in the databases (both the EPA CT popul ati on and em ssions
dat abases). They will be the keepers of the databases and responsible for
any information updates.

. S. Roy will be the task |eader on Task 5 (source tests).

. Need to identify conmbustion experts who may be able to provide an
expl anation for the formation of the identified HAPs; subnit names to S.
Roy.

. Prior to identifying the testing needs for existing turbines, the WG will
need to wait until data gaps are identified in the EPA database.

. WG agreed on the goals and scheduling of the HAP Technol ogy Workshop

. Questions for the Technol ogy Workshop shoul d be submitted to J. Klein by
May 9, 1997.

. WG agreed on the goals, products, and scheduling for all task groups.

Next Meeting

. Next neeting will be a teleconference on Tuesday, May 13, 1997, from 1:00
to 3:00 p.m EST. The call-in nunber is 919-541-4485.

. Agenda wi Il include preparing a WG status report for the Coordinating
Commi ttee.

Action |ltens

. G Adanms wll:

. Devel op a revised list of the fields fromthe facility table in the
em ssi ons dat abase to be used for popul ation
. Break out EPA dat abase information corresponding to the facilities
whi ch are represented by WG nenbers; and

. Devel op a checklist of itens to be revi ewed.
These itens are scheduled to be conpleted by May 22, 1997.

. B. Richani will provide hard copies of all HAP test reports for the WG
menbers by May 12, 1997.

. S. Roy will summarize the concentrations for HAPs gathered in the test
report and circulate it to the W5 by May 15.

. S. Roy will develop a goal statement, products to be produced, and
schedul e for the Testing and Monitoring Task G oup by May 15, 1997.

. T. Guth and S. Roy will develop a WG status report to present at the CC by
May 9, 1997.

. P. Chu will work with C. Chang on obtaining information on utility
i ndustry risk assessment study to subnmit to S. Roy.

. C. Solt will provide docunentation of CO as a surrogate for
HAP/ hydr ocar bons eni ssi ons.

. J. Klein will prepare a letter which will list the preparations expected

for the Technol ogy Workshop presenters (i.e., open discussion, agenda,
handouts, etc.) by nmid-My, 1997.

. The HAP reduction task group will submt the list of questions for the
Technol ogy Workshop to the presenter by m d-May, 1997.

. R Muller will coordinate with | CAC equi pnent manufacturers who are
interested in participating in the Technol ogy Wrkshop in Los Angeles in
July, 1997.

. J. Klein will offer an invitation to trade associations to participate in
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t he Technol ogy Wor kshop.

M Schorr and C. Solt will coordinate with the Legislative and Regul atory
Affairs Committee of ASME, | GTl (International Gas Turbine Institute) and
GTA (Gas Turbine Association) regarding their participation in the
Technol ogy Workshop by May 15, 1997.

ATTACHVENT |V
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GAS TURBI NE CATEGORI ZATI ON
WHY CATEGORI ZE ?7?

1. To consi der devel opnent of separate regul ations for each
cat egory, or

2. To elimnate sonme categories fromregul ation

GAS TURBI NE_CATEGORI ZATI ON

Can W Justify ANY Subcategori zation ?7??
There Shoul d be Sonet hi ng Uni que Enough About a Subcategory That it
Wbul d Need Separate Consideration in a Regulation, or it Mght Need
Separate Reqgul ati on For Cost/Econom ¢ Reasons -
Sins Roy - EPA Gui dance

GAS TURBI NE_CATEGORI ZATI ON

Age

Si ze

Fuel
Conmbust or Type

Firing Tenperature
Annual Hours of Operation
Add- on Em ssi on Control
Use/ Appl i cation
Confi guration
Mobi ity
Cycl e

GAS TURBI NE_CATEGORI ZATI ON

Age - Pre-NSPS before 1979, NSPS 1979 - 1990, Post-NSPS after 1990

Size - <1 MN 1-10 MW 10-30 MW >30 MW

-natgas, distillate, byproduct gas, syngas, crude, heavy oil, nethanol
Conbust or Type- can, silo, annular-all diffusion flame or staged prem x
Firing Tenperature - <1800°F, 1800-2020°F, 2020-2350°F, >2350°F
Configuration - SC, CC, regen/recup, nechanical drive

Add-on Control - injection, SCR, CO catalyst, catalytic conbustor

Use/ Application - utility (base, md, peaking), |IPP, cogen, pipeline
Cycle - Brayton, Recuperative, Kalina

Annual Hours of Use - < 500, 500-1500, 1500-3500, > 3500 hours

Mobility - portable, stationary

'I'I
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GAS TURBI NE _CATEGORI ZATI ON

The following 3 categories are considered first order:

Size - <1 MN 1-20 MW >20 MV

(2 instead of 1?, 17 instead of 20 MW, 30 instead of 207?)
Fuel - gases, liquids, syngas

(should landfill/bi ogenic gases be included?)
Firing Tenperature - <1800°F, 1800-2350°F, >2350°F

(I's residence tine/nore, or as inportant?)

May al so want to consider the foll ow ng:
Cycle - Brayton, Recuperative, Kalina
Mobility - portable, stationary

Q her - duct burners

GAS TURBI NE _CATEGORI ZATI ON

Categories initially elimnated (may want to revisit sone):

Age - related to firing tenperature; whether unit started
operation under NSPS or other criteria pollutant regs

Conbust or Type - residence tine probably the key; hard to
define type

Configuration - considered second order

Add-on Controls - use only as related to firing tenperature
(steanmfwater injection) since that increases
CO (and possi bly HAPS)

Use/ Application - size related - small units used in different
applications than big units
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HAP Reduction Technol ogi es
New and Exi sting

Sam Al | en
Gor don Brown
A.J. Cherian

John Kl ein

Rai mund Mul | er

Si ns Roy

Chuck Solt

HAP Reduction Technol ogi es
| dentify Good Operational Practices

| nvesti gate Technol ogi es for HAP Prevention or Reduction for
New and Exi sting Sources

I dentify Good Operational Practices

Goal - Witten docunent which supports commttee
reconmendat i ons.

Tasks:
- Di scussion on 4/24/97
- Literature Search, Expert Input if needed
- Report Witing (Draft by 9/1/97)
- Commttee Review / Acceptance

| nvesti gate Technol ogi es for HAP Prevention or Reduction for
New and Exi sting Sources

Goal - Witten docunent which supports commttee
reconmendat i ons.

Tasks:
- Efficiency Inp. D scussion on 4/24/97
- Lab Scal e Testing - Engl ehardt
- Technol ogy Workshop on 7/25/ 97
- Literature Search
- Recommend Tests to Fill Data Gaps

| nvesti gate Technol ogi es for HAP Prevention or Reduction for
New and Exi sting Sources
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Tasks (conti nued)
- Internmedi ate Report by 9/1/97
- Commttee Review / Acceptance
- Final Report

Operational Practices
Roundt abl e di scussi on
List the follow ng for each idea:
- Description of Operational Practice
- Pros: Potential for HAPs Reduct./Prevent.
- Cons: Negative inpacts
- Qualifications: Wat is basis?
- HAPS Dat a
- CO HC Dat a
- Engi neeri ng Judgnent
Operational Practices - |deas
Gas Fuel Conditioning
Moni t ori ng/ Mai nt ai ni ng proper gas superheat and |iquids
r emoval
Load Managenent
Runni ng nost efficient machines - avoiding lightly
| oaded operation of machi nes
Moni toring EGI Devi ation
Attending to fuel maldistribution problens
Operational Practices
Summari ze Di scussi on
Deci de Actions Required to C ose Topic

Assi gnnents as necessary

Efficiency Inprovenent - |deas
Convert to Gas Fuel

Addi ti on of Regenerat or



Turbine Mod's (for Mature Model s)
Extra Conpressor Stage
Firing Tenperature |ncrease
Leakage Reducti on
Aer odynam ¢

Efficiency | nprovenents
Summari ze Di scussi on
Deci de Actions Required to C ose Topic

Assi gnnents as Necessary



ATTACHMVENT VI

HAPs vs. CRI TERI A POLLUTANTS PRESENTATI ON



HAP VS CRI TERI A POLLUTANT
Before NQ control, no CO problem Wy ?
conpl ete conbusti on:
plenty of air & high tenperature
Typical NQ, vs VOC & CO rel ati onship
NQ, controls becane requirenents in 1970s.

NQ, Control Techni ques Reduce air to fuel ratio. Lower peak
flame tenperature.

As a result, NQ, concentration canme down but VOC & CO
concentration went up.

Noticing the higher CO concentration |evel, regul ators began
tolimt CO concentration.

As the NQ, control rules becane nore stringent, SI was
conbi ned w conbustion nodification.

As NQ is lowered, no VOC & CO increase at first.
As NQ  is reduced further, VOC & CO starts to creep up.

As NQ, is |lowered even nore, both VOC & CO clinbs up
rapidly.

At sonme point, it is not worth-while to trade increnental
NQ, reduction w VOC & CO i ncrease.

There is a |inkage between NSPS & MACT.

The early dry | ow NQ, burners have CO concentration above
100 ppm

More recent NQ, control technol ogies (1990s) based on
advanced dry | ow NQ burners and catal ytic conbustion have
| ow NQ, and CO concentration.( A CO oxidation catalyst is
not needed.)



NQ, vs NH;
NH, is not one of HAP

Section 112 defines MACT in consideration of environnental
and ot her i npacts.

NQ, & NH, reacts to formnitrates, a PM ..

NSCR and SCR NQ, control technol ogies inject NH; to react
with NQ.

Because of sub 10 ppm NOx control requirenments, NH; i s over
i nj ect ed.

As a result, unused NH, escapes ( about 10 to 20 ppn).
By backing off slightly on NG, control requirenent, nuch NH;
em ssions can be prevented.

Quest i ons:

How does VOC & CO behave as a function of NQ, control for
GIs?

Do HAPs foll ow VOC concentrati on?
What are the types of GI burners?

How does GI nanufacturers set air to fuel ratio? Can t he
rati o be reprogramed?

Can steam or water injection rate be reprogrammed to
optimze NOQ w th HAPs?

States can establish nore stringent regul ations than EPA
| f desired, can EPA tell the states not to adopt or even

back off fromthe stringent NQ rules for GIs so that HAP
em ssions are prevented and CO catal ysts are unnecessary?

\
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ATTACHVENT VI |

EPA | NVENTORY DATABASE PRESENTATI ON



EPA | CCR DATABASE
Stationary Conbustion Turbine
April 23, 1997
| CCR Dat abase - CTs

Mer ged/ Repl aced State InfornmationOotained state el ectronic
dat abases from 18 States:

I1linois (Merge) M chi gan ( Merge)
Mai ne (Merge) New Yor k ( Merge)
Chio (Merge) Ver mont ( Mer ge)

W sconsin (Merge)
M ssouri (Merge)
Vi rgini a( Merge)

California (Repl ace)
Tennessee (Repl ace)
New Jer sey (Repl ace)

Washi ngt on ( Mer ge)
West
Nor t hCar ol i na( Mer ge)

Texas (Repl ace)
Fl ori da (Repl ace)
Pennsyl vani a

(Repl ace & Merge)

Several States did not Submt their Database

Ut ah
Loui si ana

The Dat abase does not |nclude Dat abases Gat hered from Local
Agenci es

Gat hered information fromover 10 Local Agencies

No Additional Efforts will be Conducted on Gathering these
Dat abases

Each WG May Decide to Performthis Task, as Needed
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Compl exi ties

Pl ant identification nunber not consistent with the
Al RS/ OTAG PNED f or mat

M ssing segnent nunber

M ssi ng SCC Code

Revi sed Exi sting Tabl es

Accommodate state information
Accommodate the EPA ICR for Incinerators and Boil ers
burni ng non-fossil fuel

After Gathering State Information:

Captured information for 5,435 turbines
Identified 62 records to correspond to reciprocating
engi nes

| CCR Facility ID

| CCR Facility ID= [State Code] + [County Code] + [PNED
| O

State Code is 2-Digits |ong

County Code is 3-Digits long

PNED IDis 4-Digits |ong

|CCR Facility IDis 9-Digits |ong

Conbustor |ID

Conmbustor IDis assigned by the facility or state and
can be as long as 5-Digits |ong

| CCR Facility I D and Conbustor |ID provides a unique
identification of a conbustion unit

Segnent No.

Segnent No is assigned by the facility or state and can
be as long as 4-Digits |ong

It is an identification of the operation nethod of the
conbustion unit (fuel type, operating schedule, etc.,
note: SCCis linked to the segnent |evel)
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Li st of Tasks to be Perforned

Cl ean up the dat abase
I dentify duplicates
Revi ew for obvious msfits (ldentify units which
are not turbines)
Delete all paraneters without a unit of neasure

Extract Useful Information, such as, Turbine Size,
Make, and Mbdel
Revi ew t he Conmbust or Description field
Revi ew t he Fuel Flowate field

Li st of Tasks to be Performed (cont.)
Det erm ne turbine popul ation distribution
Convert all unit sizes into a consistent unit of
measure (l.e., MWNor HP)

| dentify Prelimnary Subcategories

Devel op Model Pl ants
Fuel type
Unit capacity (range)
Control device infornmation

Validation of the Information

DCE ElI A Form 860
Electric Utilities in the US, for 1995 Data 1058
Tur bi nes

DCE ElI A Form 867

DCE UARG

EPA 1992 Section 114 Questionnaire
| PP & I ndustri al 1, 556 Tur bi nes
Pi pel i ne 1, 000 Tur bi nes
Uility Conpanies 1, 496 Tur bi nes

Mar ket Research Sources
Power Dat a G oup 2,502 Turbines (plus 1,000 to
3,000 not yet entered)

WG Menmbers and Associ ati ons
GE, AGA , APl, & | NGAA
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ATTACHVENT VI I |

OPERATI BG PRACTI CES and EFFI Cl ENCY | MPROVEMENTS | DEAS



Operation Practices

| dea 1: Moni toring and Mai ntai ning Gas Preheat (Fuel
Pretreatnment, Filtering and/or Refrigeration for
Di gester Gas, not Natural Gas.

Pr os: 1. Elimnate Liquid Droplet (Heavy HC
2. Common Practices (Manufacture Specific for
Prem x)

Cons: 1. Not Applicable to all Turbines (e.g. Diesel
Fuel )

2. How to Measure Conpliance
3. O her Business Drivers

Qualifications: No data, concern about shutdown of fuel
pretreatnment to even schedul e testing
clog fuel injectors and potentially
damage conbustor |iner.

Qperation Practices (Cont.)

|dea 2: Monitor Air to Fuel Ratio (in |local Flanme Zone).

Pr os: 1. Potential for Lean Prem x Type

Cons: 1. How does one nonitor, Require Design

Change/ al gorithnms Program (Operator can’t Change
the set A/If or algorithmns)

Qual ification:

Qperation Practices (Cont.)

| dea 3: Monitor Steam (Water) to Fuel Ratio

Pr os: 1. Oten Required in Air Permt

Cons: 1. Require Re-Permtting if D fferent than Current
Permt (COlimt) H gher Steam Rates get More
Power Resulting in Mre HAPs

2. Cost of Water or Steam (Tradeoff wi th Power
Pr oducti on)

3. Increases No, if reduce Steamto Fuel

Qualification: CO Data Maybe/ NO HAP Dat a
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Qperation Practices (Cont.)
| dea 4: Monitor/Control NH; to No,

Pr os: 1. Mnimze PM,; fromNH, Nitrate/ Sulfate
For mati on Downw nd.

2. Proposed NAAQS
Cons: 1. NH;, is not CAA HAP (not Prinme Consideration)

2. No Current NH; Monitoring, but Permit Limt in
Many Permts

Qual ifications:

Qperation Practices (Cont.)
| dea 5: Load Managenent and Avoid Lightly Load Machi nes
Pr os: 1. Reduce HAP/ CO at Hi gher Load

2. Reduce Fuel Consunption (Econom c)

Cons: 1. Not Available to Mbst Operators (Only multiple
Turbine Site

2. lsolated Operator (Platfornms) Concern about
Reliability

3. Different for Load Follow ng Units (Pipelines)
4. Difficult to Regul ate Common Sense

Qual ification:

Qperation Practices (Cont.)

| dea 6: Monitoring Exhaust Gas Tenperature Deviation
( Ther nocoupl es)

Pr os: 1. Done According to Manufacturer recomendations
Cons: 1. Only Read Average in many Tur bines

Qual ification:
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Qperation Practices (Cont.)
| dea 7: QOperator Training

Pr os: 1. Done in other Areas (e.g. MAC, CEMs)
Ex. Appendi x F (40 CFR Part 60)

Cons: 1. How to Link to Reduced Em ssions
2. Mnimal Operator Involvenent for Renote Units

3. MAC Case Dependent or Variability; Not the Case
for Gas Tur bines

4. Mnimal “Knobs” to Operate. Automatic Controls

Qual ification:

Efficiency | nprovenents
| dea 1: Upgrade/ Update Mature Mbdel s
Pr os: 1. May O fer Additional Power
2. Reduction Potential for CO HAPs

Cons: 1. Hours of QOperation May Not Justify Expense
(<200 Hours)

2. Current Permit Limts/Constraints
3. I ncrease No,
4. Reduce Fuel May Not I nprove Air

5. May Require New Source and Reperm tting/ Trigger
NSR (Reconstruction/ Modification)

Qual ification:

Efficiency Inprovenents (Cont.)
| dea 2: Adding a Generator

Pr os: 1. Lower Fuel Input Requirenment HAPs | nplications
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Cons: 1. Only Applicable to Low Pressure Machi nes, Do
Not Benefit H gh Pressure Ration Machines

Configuration Constraints
Potential for H gher No,

Leakage/ Mai nt enance Pol | utants
Capi tal Cost

Space Constraints

N o 0 A~ wbd

Reduce Power OQut put

Qual ification:

Efficiency Inprovenents (Cont.)
| dea 3: Convert to Gas Fuel
Pros: 1.

Cons: 1.

Qualification: Efficiency Inplications. Only M nor Benefits
for its Application.
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APPENDI X | X

HAPs and CRI TERI A EM SSI ONS BEHAVI OR PRESENTATI ON



Quest i ons:

Do NQ,, VOC, & CO behave as a function of air-to-fuel ratio
in GIs as they do in boilers and I CEs? Wat do the
concentration vs. Air-to-fuel ratio curves |look |ike?
Questions (Cont.):

Do HAPs foll ow VOC concentration? What does a HAP vs. air-
to-fuel curve look |ike? Does individual curves differ from
one anot her?

Questions (Cont.):

VWhat are the types of GT burners? What are their respective
guarantees for em ssions?

How do GT manufacturers set the air-to-fuel ratio? Can the
rati o be reprogramed?

Questions (Cont.):

VWhat is the air-to-fuel ratio that optim zes em ssions of
HAP, VOC, NQ, & CO?

Questions (Cont.):

Hoe do HAP, VOC, CO & NOx vs Sl rate curves |look |like for
GIs?

Can steamor water injection rate be adjusted to optim ze
NOx with HAPs, CO, & HC? If so, what is the optinmmfuel-
to-steamrati o?

Questions (Cont.):

VWhat do NQ, & NH; concentration curves |ook |like as a
function of NOx-to-NH3 nole ratio?

VWhat is the optimum NOx-to-NH3 nole ratio that wll mnimze
both NQ, and NH;, em ssi ons?

Questions (Cont.):
States can establish nore stringent regul ations than EPA
| f desired, can EPA tell the states not to adopt or even

back off fromthe stringent NQ rules for GIs so that HAP
em ssions are prevented and CO catal ysts are unnecessary?
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Product s

A set of questions for the panelist.

Source testing reports.

HAP vs criteria pollutant curves as a function of fuel-to-
air ratio

HAP vs criteria pollutant curves as a function of steam
injection rate

NQ, vs NH; curves as a function of NH3 to NOx ratio
Surrogate indicator for HAP
Status report on HAP vs criteria pollutant trade off

Recomendat i ons



APPENDI X X

HAPs TECHNOLOGY WORKSHOP PRESENTATI ON



HAPs Tech. Wrkshop CGoal s:
| denti fyi ng possi ble HAPs control and Prevention
t echni ques (which currently exist / comercially
avai l abl e) for new and existing Gas Turbi ne Sources
Time and Pl ace:
July 25, 1997 in Orange County
Wor kshop For nat
(Tentative)
Panel Di scussion ~ 30 M nutes each Presenter

4 Presentations AM 3 Presentations PM
End of Day - Wap up Session Summarize Comon Threads

| dentify Take Away Messages

Di scuss Foll ow on wor k needs

Wor kshop Presenters
Academ a / Conbustion Expertise
Dr. Scott Samnuel sen, Dr. Randy Seeker, Don Bahr
Tur bi ne Manuf acturer?
Equi prent Manufacturers, Catal ytica

Research Organi zati ons

Wor kshop Topics (1)

The control of COHC in gas turbine conbustors and
relationship to HAPs Effectiveness of the | atest generation
of | ean pre-m xed conmbustors in reducing NOx while
m ni m zing inpact on CO HAPs Use of TBC coatings or ceramcs
in conbustors to control CQO HAPs

Wor kshop Topi cs (2)
Use of nmodulating GV s at part |load to control CO HAPs

Catal ytic Conbustion for HAPs Control Rel ationship between
HAPs and CO Understanding the tradeoffs between criteria
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pol lutants and HAPs Rel ati onshi ps bet ween QOperations
practices and HAPs



Wor kshop Topi cs (3)

Potential for Fuel Pretreatnent in HAPs Control Exhaust Gas
Controls - Catalysts Availability of HAPs Data - (or |ack
of) Etc.



ATTACHMENT XI

WORK GROUP WORK PLAN



Conmbustion Turbi ne Wrk G oup Wrk Pl an
for the Next Six Mnths

April 24, 1997

CT WG Work Pl an
Task Group 1, Database Enhancenent

Goal s:

Cl ean up the popul ati on dat abase
Summarize the information in the popul ati on dat abase
Revi ew t he gat hered HAP test reports

Pr oduct s:
Revi sed (QA/ QC) dat abases (popul ation & Em ssi ons)
A set of summary tables/reports of the gathered
i nformation

Schedul e:
July to August, ‘97

Task Group 2, Subcategories
Goal s:
ldentify potential subcategories
M nim ze applicabl e subcategories based on the
gat hered i nformation

Pr oduct s:
Summarize and wite up the sel ected subcategories in
a menor andum

Schedul e:
Menor andum of potential subcategories - My neeting

Menor andum of final subcategories subsequent to
conpletion of Task Goup 1 efforts - August to
Sept enber, ‘97

Task Group 3, HAP Reduction Technol ogi es
Goal s:
| dentify good operation practices
| nvesti gate technol ogies for HAP prevention or
reduction for new and exi sting sources

Pr oduct s:
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| dentify good operating practices, including
efficiency inprovenents
| dentify HAP prevention or reduction technol ogi es

Schedul e:
Witten Menorandum of good operating practices - My
neet i ng
I nternmedi ate report of HAP prevention or reduction
technol ogi es - Septenber 1, ‘97

Task Goup 4, HAPs Vs. Criteria Pollutants
Goal s:
ldentify the relationship of HAPs Vs. Criteria
em ssi ons
Identify the turbine factors (operational and design)
which directly affect HAP em ssions

Pr oduct s:
Docunmentation simlar to the one available for IC
Engi nes but generated from turbine data
| dentification of options for Regul atory devel opnent

Schedul e:
Witten docunent - August to Septenber, ‘97

Task Group 5, Testing and Mnitoring

CGoal s:
I dentification of potential HAPs emtted from
t ur bi nes

Drafting of a testing protocol for HAP em ssion
testing and control device efficiency determ nation

Pr oduct s:
A condensed list of potential HAPs
Report docunenting control efficiencies of selected
add-on control s
Esti mate of testing budget needs

Schedul e:
Li st of HAPs - May neeting

Screening Study Test Plan - Aug to Sep, 1997
Screening Tests (if funds are available) - Nov, 1997

Conbusti on Turbi ne Test Plan - Dec, 1997
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Control device testing and efficiency docunentation -
Subsequent to the CC allocation of testing budget. W5
is ready to test existing sources, if permssionis
grant ed
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